ABSTRACT: Lithium metal added to a solution of 4-neopentoxyphthalonitrile in 1-octanol or other long-chain primary alcohols at room temperature resulted in phthalocyanine formation at a reasonable rate in good yield, while preformed lithium l-octanolate under the same conditions gave 2,9,16,23-tetraneopentoxyphthalocyanine, but in lower yield at a slower rate. The use of lower-molecular-weight alcohols slowly gave a phthalocyanine in lower yields. Reverse micelle formation when using long-chain alcohols is proposed as a possibility for enhanced phthalocyanine formation at room temperatue. 2,9,16,23-Tetasubstituted phthalocyanines and metallated phthalocyanines were prepared at room temperature from 4-neopentoxyphthalonitrile, 4-bis(4-methoxyphenyl)methoxyphthalonitdle, 4-[-(4-ethoxy-3-methoxyphenyl)-l-phenyl]-methoxyphthalonitrile and phthalonitrile using lithium l-octanolate in l-octanol or by the addition, to a solution of the phthalonitrile in ethanol, of calcium turnings or, to a solution of the phthalonitrile in methanol, of magnesium, zinc, iron or copper powder. The tetrasubstituted phthalocyanines produced exhibited a nonstatistical distribution of regioisomers, indicating that electronic effects become important in room-temperature cyclotetramerization of phthalonitriles to phthalocyanines.
INTRODUCTION
The synthesis ofphthalocyanines readily occurs by the condensation of phthalic anhydride derivatives at 200-300"C [-5] or by refluxing phthalonitriles with lithium l-pentanolate in l-pentanol at 135" C 16,71. Lower-temperature syntheses have been demonstrated [8] [9] [10] [11] [12] [13] [14] [15] , but unusual substrates, complex approaches and poorer yields have inhibited their widespread use.
In a recent communication [6] it was shown that phthalonitriles, the normal substrate for phthalocyanine formation, can give phthalocyanines (Pcs) al room temperature simply by changing the solvent to l-octanol and using lithium l-octanolate. We felt that this rather unusual result merited further studies and f-r"* n'\4cru 5 R = (CH3) 3CCH2O 6 R = (4-EIO-3-MeOPh) PhCHO 7 I = (4-MeOPh) 2CHO 8 R=H Scheme l.
Condensation of $-7 with lithium alcoholates in their respective alcohols at room temperature slowly gave phthalocyanines 9-f3. The phthalocyanine zinc(Il) compounds 11 and 13 were obtained by conversion of the dilithium Pcs with Zn(OAc)2 in situ.
Phthalocyanines have been prepared from phthalonitriles and free metals [-6, 19,20] using hightemperature fusion reactions and more recently in an Table 1 . Room-temperature formation of phthalocyanines 9-19 using different metals electrochemical cell [4, 15] Lithium was rolled under argon to thin ribbons in a plastic bag, calcium was used as tumings, while magnesium, zinc, iron and copper were used as fine powders. Consequently, when rolled lithium was added to a solution of4-neopentoxyphthalonitrile (5) in C1 to C16 primary alcohols, 3-methyl-l-butanol, 2- N,N-dimethylaminoethanol (DMAE), 2-pentanol or cyclohexanol, 2,9,16,23-tetraneopentoxyphthalocyanine (9) was produced at varying rates. Reactions in the secondary alcohols 2-pentanol and cyclohexanol were very slow, while no reaction occurred in the tertiary alcohol, 2-methyl-2-butanol. Calcium metal was sufficiently reactive only in ethanol and hence addition of calcium to [5] [6] [7] in ethanol at room temperature proceeded slowly to give phthalocyanines 9, 10 and 12 respectively. Magnesium in methanol was sufficiently reactive, so magnesium was added to 5 in methanol to yield 2,9,1 6,23-tetraneopentoxyphthalocyaninato magnesium(Il) (14) . Similarly, calcium, magnesium, zinc, iron or copper was added at room temperature to phthalonitrile (8) The fact that lithium in the lower-molecular-weight alcohols does not exhibit high rates or yields of Pcs appears to negate this possibility. Of course, one must keep in mind that, especially in methanol, ethanol and DMAE, dissolution of the metal was rapid (0.5 h), so Zr- 4-Bis(4-methoxyphenyl)methoxyphthalonitrile (7) 4,4'-Dimethoxybenzhydrol (3) The product was further purified by flash column chromatography on silica gel using THF-benzene 
